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SEMICONDUCTOR DEVICE HAVING
GROUND SHIELD STRUCTURE AND
FABRICATION METHOD THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-
cation No. CN201210425591 .8, filed on Oct. 30, 2012, the
entire contents of which are incorporated herein by reference.

FIELD OF THE DISCLOSUR.

L1l

The present disclosure relates to the field of semiconductor
technology and, more particularly, relates to a semiconductor
device having a ground shield structure.

BACKGROUND

In mtegrated circuits (ICs), such as CMOS (i.e., comple-
mentary metal-oxide-semiconductor) RFIC (1.e., radio fre-
quency integrated circuit), inductors are important circuitry
component. Performance parameters of the inductors may
directly atfect the performance of the ICs. Current ICs often
include planar inductors such as, for example, planar spiral
inductors. A planar inductor can be formed by winding con-
ductive metal wires on surface of a substrate or a dielectric
layer of an IC device. Compared with other conventional
wire-winding inductors, a planar inductor typically has low
cost with ease of device integration, low noise, and low power
consumption. More importantly, planar inductors are com-
patible with current ICs.

Quality factor (QQ) of an imnductor device can be defined as
a rat1o of the energy stored 1n the inductor to the energy loss
per oscillation cycle. Therefore, the higher the quality factor
(Q) of the inductor device, the higher the efficiency and the
performance can be. Conventional planar inductors, however,
have low Q, which leads to poor inductor performance and
thereby affects performance of the IC devices. Additionally,
in standard CMOS processing, the metal wirings of a spiral
inductor can have high resistance. This may cause a large
silicon substrate loss at high frequencies. Thus, the quality
factor (QQ) of a silicon-based spiral inductor 1s generally low.

Electric field generated in the inductor may induce oppo-
site charges at corresponding parts of the substrate, and AC
voltage difference between different parts of the inductor may
induce AC voltage difference between the corresponding
parts of the substrate. For a semiconductor substrate, such
voltage difference can generate a current called capacitive
coupling substrate current, which may cause ohmic losses.

Even though a planar spiral and a vertical stacked inductor
are both compatible with IC interconnect structures, mag-
netic field generated from such inductors can pass vertically
through the substrate. According to Lenz’s law, an alternating,
magnetic field of the inductor can induce an alternating eddy
current on the substrate. The eddy current can dissipate the
clectric energy, which 1s converted from magnetic energy,
through Joule heating. The eddy current tlows 1n an opposite
direction of the inductor current, thus the magnetic field
induced by the eddy current 1s opposite to the magnetic field
from the inductor. This may lower the inductance of the
inductor.

Standard CMOS substrate 1s a semiconductor. At high
frequencies, the substrate loss 1s the major contributor to the
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inductor loss. Currently, a ground shield 1s commonly used to
reduce the substrate loss of an inductor.

FIG. 1 shows a top view of a conventional ground shield.
As shown 1n FIG. 1, the ground shield includes a ground ring
10 and a pattern 20 disposed within the ground ring. The
pattern 20 can be made of a semiconductor material. Since the
pattern 20 has a lower resistance than the substrate, 1t may
terminate the electric field from the inductor and shield the
clectric field from going to the substrate. This may avoid
generating a substrate current and lower the energy loss of the
substrate. However, the pattern may induce a large coupling
capacitance at high frequencies. In addition, the shield (e.g.
pattern 20) has a large contact area 1n the middle, which may
induce a large eddy current loss and reduce the quality factor

(QQ) of the inductor.

BRIEF SUMMARY OF THE DISCLOSURE

According to various embodiments, there 1s provided a
semiconductor device. The semiconductor device can include
a substrate, a ground ring, a ground shield, an electronic
device, and an 1nsulation layer. The ground ring can be dis-
posed over the substrate. The ground shield can be disposed
over the substrate and surrounded by the ground ring. The
ground shield can include a plurality of coaxial conductive
wirings and a metal wire passing through the plurality of
coaxial conductive wirings along aradial direction. The metal
wire can be connected to the ground ring. The electronic
device can be disposed over the ground shield. The insulation
layer can be disposed between the ground shield and the
clectronic device.

According to various embodiments, there 1s also provided
a method for forming a semiconductor device. A ground ring
can be provided over a substrate. A ground shield can be
formed over the substrate and surrounded by the ground ring.
The ground shield can include a plurality of coaxial conduc-
tive wirings and a metal wire passing through the plurality of
coaxial conductive wirings along aradial direction. The metal
wire can be connected to the ground ring. An electronic
device can be provided over the ground shield. An insulation
layer can be formed between the ground shield and the elec-
tronic device.

Other aspects or embodiments of the present disclosure can
be understood by those skilled in the art 1n light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are merely examples for illustra-
tive purposes according to various disclosed embodiments
and are not intended to limit the scope of the present disclo-
sure.

FIG. 1 depicts a top view of a conventional ground shield;

FIG. 2 depicts a top view of an exemplary ground shield
and ground ring in accordance with various disclosed
embodiments;

FIG. 3 depicts a cross-sectional view of an exemplary
ground shield and ground ring in accordance with various
disclosed embodiments;

FIG. 4 depicts a cross-sectional view of another exemplary
ground shield and ground ring in accordance with various
disclosed embodiments;

FIG. 5 depicts a top view of first active wirings of an
exemplary ground shield and second active wirings of an
exemplary ground ring 1n accordance with various disclosed
embodiments;

FIG. 6 depicts a top view of polysilicon wirings of an
exemplary ground shield in accordance with various dis-
closed embodiments;
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FIG. 7 depicts a top view of first metal wirings of an
exemplary ground shield, second metal wirings of an exem-

plary ground ring, and a metal wire 1n accordance with vari-
ous disclosed embodiments;

FI1G. 8 depicts a top view of a first planar spiral wiring of an
inductor disposed over an exemplary ground shield in accor-
dance with various disclosed embodiments;

FIG. 9 depicts a top view of a second planar spiral wiring of
an inductor disposed over an exemplary ground shield in
accordance with various disclosed embodiments;

FIG. 10 depicts Q value plots versus frequencies for an
inductor having a ground shield in accordance with various
disclosed embodiments, an inductor having no ground shield,
and an inductor having a conventional ground shield; and

FIG. 11 depicts an exemplary semiconductor device hav-

ing a ground shield in accordance with various disclosed
embodiments.

DETAILED DESCRIPTION

Reference will now be made 1n detail to exemplary
embodiments of the disclosure, which are illustrated 1n the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

A ground shield may induce a large coupling capacitance at
high frequencies and have a large contact area in the middle,
which may generate large eddy current loss that reduces high
quality factor (Q) of the inductor. As disclosed herein, semi-
conductor devices with ground shields are provided. The
ground shield can be formed on a substrate, surrounded by a
ground ring, and disposed under electronic device(s). An
exemplary ground shield structure can include a plurality of
coaxial conductive wirings (e.g., rings) and a metal wire
passing in the radial direction through the conductive rings.
Also, the metal wire can be connected to the ground ring. The
ground shield fabricated 1n accordance with various disclosed
embodiments can effectively reduce coupling capacitance,
thereby lowering eddy current loss.

FIG. 2 depicts a top view of an exemplary ground shield
and ground ring 1n accordance with various disclosed
embodiments. Although not 1llustrated 1n FIG. 2, the exem-
plary ground shield and ground ring can further include a
substrate, an 1solation structure, and a dielectric layer.

The exemplary ground shield depicted in FIG. 2 can
include first active wirings 120 and a metal wire 140. The
exemplary ground shield can connect to the ground through
ground ring(s) 110.

For example, the first active wirings 120 can be disposed
over a substrate (e.g., substrate 100 1n FIG. 3). In some
embodiments, the total number of the first active wirings 120
can be about 8 or any other suitable number. For example, the
number of the first active wirings can be an arbitrary number
from 2 to 100, for example, about 10, 20, or 50. The first active
wirings 120 can have octagonal shapes. The first active wir-
ings 120 can be coaxial and/or can be formed of active rings.

In one embodiment, the ground ring 110 can be located
outside of the first active wirings 120 and can surround the
first active wirings 120. The ground ring 110 can have, e.g., an
octagonal shape. In other embodiments, the ground ring 110
may have the same or different shape of the first active wirings
of the ground shield. The width of the first active wirings 120
and the ground ring 110 can be, e.g., about 0.1 um to about
100 um.

In one embodiment, the ground ring 110 and each of the
first active wirings 120 can have two openings, and the open-
ings are lined up and perpendicular to the direction of AA' as
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shown 1 FIG. 2. That 1s, the two openings are opposite to
cach other, e.g., at two sides of the metal wire 140. Further, the
metal wire 140 can connect the first active wirings 120 out-
wards to the ground ring 110, e.g., via plugs (not shown). In
other embodiments, the first active wirings may also have one
opening, and 1t may be located at an arbitrary position of the
first active wirings.

FIG. 3 depicts a cross-sectional view of the ground shield
and ground ring 1n AA' direction 1n FIG. 2. For example, the
exemplary ground shield structure can include a substrate
100, the first active wirings 120 disposed over the substrate,
the ground ring 110 formed outside the first active wirings
120, and shallow 1solation trenches 101 formed between adja-
cent first active wirings 120 and between the ground ring 110
and the neighboring first active wiring 120. The first active
wirings 120 and the ground ring 110 can be formed directly
on the substrate by, e.g., etching and doping. Or, the first
active wirings 120 and the ground ring 110 can be formed by
etching a pre-formed epitaxial layer on the substrate.

The exemplary ground shield structure can also include a
first dielectric layer 130 disposed over the surfaces of the first
active wirings 120, the ground ring 110 and the shallow
isolation trenches 101; and conductive plugs 131 disposed
through a thickness (e.g., an entire thickness) of the first
dielectric layer 130. One end of the conductive plug 131 can
be connected to the surface of one of the first active wirings
120 and the other end of the conductive plug 131 can be
connected to the metal wire 140 disposed over the first dielec-
tric layer. The metal wire 140 can connect the first active
wirings on both sides of the opening outwards the ground ring
110 via conductive plugs. In one embodiment, the first active
wirings 120 can be P-doped or N-doped to provide less resis-
tance than the substrate. In other embodiments, a metal sili-
cide layer can be formed on the first active wirings 120 to
reduce the resistance.

The substrate 100 can be made of amaterial including, e.g.,
s1licon, germanium, silicon-on-insulator, silicon carbide, ger-
mamum silicon, galllum nitride and/or glass. The substrate
100 can be made of a homogeneous material or a composite
material such as silicon-on-insulator. The substrate 100 can
also have doped well(s) that can have an opposite doping type
ol the substrate. Most of the substrates 1n various disclosed
embodiments are made of P type semiconductors, and the use
of PN junction 1solation can reduce the coupling capacitance
between the inductor and the substrate. Depending on specific
semiconductor device to be formed thereon, certain substrate
can be selected.

When the metal wire 1s connected to the ground through the
ground ring, a junction between the metal wire and first active
wiring(s) can have a fixed potential. However, because the
metal wire has resistance and an individual coaxial active
wiring can have certain length and resistance, the potentials
for the positions away from the junctions may be different,
and coupling capacitance may appear at high frequencies.
That 1s, for high frequency signals, potential difference may
be produced. At high frequencies, the unconnected regions
between adjacent wirings can form equivalent series coupling
capacitors. An active wiring in the middle can serve as the
lower plate of a coupling capacitor formed with an adjacent
iner active wiring, at the same time this active wiring 1n the
middle can also serve as the upper plate of a coupling capaci-
tor formed with an adjacent outer active wiring. The more
number of conductive wirings within one layer, the more the
equivalent series coupling capacitors can be generated, and
the smaller the capacitance can be. Reducing the coupling
capacitance can reduce the energy loss of the electronic
device(s) formed on top of the ground shield.
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Referring to FIGS. 4-7, FIG. 4 depicts a cross-sectional
view of an exemplary ground shield and ground ring; FIG. 5
depicts a top view of the first active wirings 220 of the exem-
plary ground shield and second active wirings 210 of the
exemplary ground ring; FIG. 6 depicts a top view of polysili-
con wirings of the exemplary ground shield; FIG. 7 depicts a
top view of first metal wirings 420 of the exemplary ground
shield, second metal wirings 410 of the exemplary ground
ring, and a metal wire 440 1n accordance with various dis-
closed embodiments.

For example, FIG. 4 depicts a cross-sectional view of the
exemplary ground shield 1n AA' direction shown in each of
FIGS. 5-7. In one embodiment, the ground shield can include
the first active Wmngs 220, the polysilicon wirings 320, and
the first metal wirings 420 (e.g., as shown i FIG. 7) and a
metal wire 440 (e.g., as shownin FIG. 7). The ground ring can
include the second active wirings 210 and the second metal
wirings 410 (see FIG. 7).

In various embodiments, an exemplary ground shield can
include a substrate 200; the first active wirings 220 disposed
over the surfaces of the substrate 220; the shallow 1solation
trenches 201 formed between adjacent active wirings 220; a
first dielectric layer 230 disposed over the surfaces of the first
active wirings 220, the second active wirings 210, and the
shallow 1solation trenches 201. The polysilicon wirings 320
and a second dielectric layer 330 disposed over the first
dielectric layer; the second metal wirings 410 (e.g., FIG. 7)
disposed over the second dielectric layer 330; first conductive
plugs 331 disposed through a thickness (or an entire thick-
ness) of the second dielectric layer 330. One end of the
conductive plugs 331 can connect to the polysilicon wirings
320 and the other end of the conductive plugs 331 can connect
to the first metal wire 440.

An exemplary ground ring can include the second active
wirings 210 that can be located outside of the first active
wirings 220 and surrounding the first active wirings 220; the
second metal wirings 410 (e.g., as shown 1n FIG. 7) that can
be located outside of the first metal wirings 420 and surround-
ing the first metal wirings 420. The second metal wirings can
connect with the second active wirings via the second con-
ductive plug 332. The second conductive plug 332 can be
disposed through a thickness (or an entire thickness) of the
first dielectric layer 230 and the second dielectric layer 330.
One end of the second conductive plug 332 can connect to the
second active wirings 210 and the other end of the second
conductive plug 332 can connect to the second metal wirings
410 (e.g., as shown in FIG. 7).

The substrate 200 can be made of amaterial including, e.g.,
s1licon, germanium, silicon-on-insulator, silicon carbide, ger-
manium silicon, galllum nitride and/or glass. The substrate
200 can be made of a homogeneous material or a composite
material such as silicon-on-insulator. The substrate 200 can
also have doped well(s) that can have an opposite doping type
ol the substrate. Most of the substrates 1n various disclosed
embodiments are made of P type semiconductors, and the use
of PN junction 1solation can reduce the coupling capacitance
between the inductor and the substrate. Depending on specific
semiconductor device to be formed thereon, certain substrate
can be selected.

FIG. 5 depicts a top view of the first active wirings 220 as
the exemplary ground shield and the second active wirings
210 as the exemplary ground ring 1n accordance with various
disclosed embodiments. In one embodiment, the first active
wirings 220 can have a total number of, e.g., 8 wirings (or
rings) and/or any other suitable numbers of wirings. In other
embodiments, the number of the first active wirings can be an
arbitrary number, e.g., from about 2 to about 100, such as,
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about 10, 20, or 50. The first active wirings 220 and the second
active wirings 210 can have, e.g., octagonal shapes. The width
of the first and second active wirings can be, e.g., about 0.1 um
to about 100 um. In addition, each of the first active wirings
and the second active wirings can have two openings, and the
openings can be lined up perpendicular to the direction of AA'
as shown 1n FIG. 5. In certain embodiments, each of the first
active wirings and the second active wirings may have one
opening arbitrarily arranged, for example, the openings of the
first active wirings and the second active wirings can be lined
up perpendicular to the direction of AA'. The first active
wirings 220 and the second active wirings 210 can be formed
directly 1n the substrate, or they can be formed by etching a
pre-formed epitaxial layer disposed over the substrate. In
various embodiments, the first and the second active wirings
can have the same or different shapes.

FIG. 6 depicts a top view of polysilicon wirings of the
exemplary ground shield in accordance with various dis-
closed embodiments. In one embodiment, the polysilicon
wirings 320 can have a total number of about 8 wirings (e.g.,
rings) or any other suitable number of wirings. In other
embodiments, the number of the polysilicon wirings can be
an arbitrary number from about 2 to about 100, for example,
about 10, 20, or 50. The polysilicon wirings can have octago-
nal shapes, and the width of the wirings can be about 0.1 um
to about 100 um. Additionally, each wiring of the polysilicon
wirings 320 can have two openmings opposite to each other,
and the openings can be lined up perpendicular to the direc-
tion of AA'as shown 1n FIG. 6. In certain other embodiments,
cach of the polysilicon wirings may have only one opening
arranged as desired. The polysilicon wirings 320 can be dis-
posed over the first dielectric layer 230.

FIG. 7 depicts a top view of the first metal wirings 420 of
the exemplary ground shield, the second metal wirings 410 of
the exemplary ground ring, and a metal wire 440 in accor-
dance with various disclosed embodiments.

For example, the first metal wirings 420 and the second
metal wirings 410 and the metal wire 440 can be disposed
over the second dielectric layer 330 as shown 1n FIG. 4. The
second metal wirings 410 can be located outside the first
metal wirings 420, and can surround the first metal wirings
420. In one embodiment, the first metal wirings 420 can have
a total number of about 8 wirings (or rings) or any other
suitable number of the wirings. In certain embodiments, the
number of the first metal wirings 420 can be an arbitrary
number from about 2 to about 100, for example, about 10, 20,
or 50. The first metal wirings 420 and the second metal
wirings 410 can have octagonal shapes, and the width of each
of the first metal wirings 420 and the second metal wirings
410 can be about 0.1 um to about 100 um. Each of the second
metal wirings 410 and the first metal wirings 420 can have
two openings opposite to each other, and the openmings can be
lined up perpendicular to the direction of AA' and can divide
the ground shield structure 1into two bilaterally symmetrical
parts. In certain other embodiments, each of the first and
second metal wirings may have only one opening. The metal
wire 440 can connect the first metal wirings 420 from 1nside
outwards the second metal wirings 410. The first and second
metal wirings can be made of a material including, e.g.,
copper and/or aluminum. The metal wire 440 can make equi-
potential connection of the first metal wirings 420 from the
inside to the outside, and can connect to the ground via the
second metal wirings 410 of the ground ring.

In certain embodiments, the second metal wirings disposed
over the ground shield may have a multilayer structure. The
top metal wirings 420 can connect to the ground ring from the
inside to the outside via the metal wire, and the interlayer can
have a dielectric layer and an equipotential conductive plug.
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The second active wirings 210 of the ground ring and the
second metal wirings 410 can connect to the ground. The
ground ring with openings can absorb the electric field trav-
cling from the ground shield above, thereby preventing
crosstalk between the inductor and the circuits 1n the vicinity,
and effectively 1solating the substrate noise.

In one embodiment, the first dielectric layer 230 and the
second dielectric layer 330 can be made of a material includ-
ing, e¢.g., silicon oxide and/or silicon nitride. The first con-
ductive plug 331 and the second conductive plug 332 can be
made of amaterial including, e.g., tungsten, aluminum and/or
copper.

In certain embodiments, the structure of the ground shield
can be either a single-layer or a stacked multi-layer. When the
structure of the ground shield 1s a single-layer, conductive
wirings can be used as, for example, active wirings of an
active layer disposed over the substrate, the polysilicon wir-
ings of the polysilicon layer disposed over the substrate, or the

metal wirings of the metal layer disposed over the substrate.
When the structure of the ground shield 1s a stacked multi-
layer, the ground shield structure can include one of the
following: active wirings of an active layer formed on the
substrate and polysilicon wirings of a polysilicon layer
tormed on the active layer; active wirings of an active layer
formed on the substrate and metal wirings of a metal layer
formed on the active layer; polysilicon wirings of a polysili-
con layer formed on the substrate and metal wirings of ametal
layer formed on the active layer; active wirings of an active
layer formed on the substrate, polysilicon wirings of a poly-
silicon layer formed on the active layer and metal wirings of
a metal layer formed on the polysilicon layer. The metal
wirings can have single-layer or stacked multi-layer struc-
ture, and the metal wire can pass through the conductive
wirings of the single-layer and connect to the ground ring, or
pass through the uppermost conductive wirings of the stacked
multi-layer and connect to the ground ring.

The active wirings, the polysilicon wirings, and the single
or multi-layer metal wirings can have, e.g., triangular, square,
circular or octagonal shapes. The width may be from about
0.1 um to about 100 um. Within a same layer, the conductive
wirings can have about 2 to about 100 wirings, and each
conductive wiring may have one or two openings. The open-
ings of active wirings, polysilicon wirings and metal wirings
in a single layer can be placed 1n an arbitrary position, and the
number and position of openings can be the same or different
in different layers.

In certain embodiments, the semiconductor device having
the ground shield can 1include an inductor disposed over the
ground shield structure, and the inductor can be a planar spiral
inductor. Referring to FIGS. 8 and 9, FIG. 8 depicts a top view
of afirst planar spiral wiring of an inductor over an exemplary
ground shield structure; and FIG. 9 depicts a top view of a
second planar spiral wiring of an inductor over an exemplary
ground shield 1n accordance with various disclosed embodi-
ments.

Referring to FIG. 11, 1n a certain embodiment, a device
1160, such as an inductor including the first planar spiral
wiring shown in FIG. 8 can be disposed over an mnsulation
layer 1150, which 1s on top of an exemplary ground shield
structure 1140 as disclosed herein. The exemplary ground
shield structure 1140 can be any ground shield structure
shown in FIGS. 2-5 and 7. In FIG. 11, the ground shield
structure 1140 can be formed over a substrate 1130, which 1s
consistent with the structures shown in FIGS. 3-4. having a
ground shield structure (including a ground shield and a
ground ring) formed on the substrate 100 or 200. The first
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planar spiral wiring can include a first metal wiring 500, a
contact point 501 a contact point 502, a contact pad 510 and
a contact pad 520.

Referring to FIG. 9, 1n a certain embodiment, the second
planar spiral wiring can be disposed over the first planar spiral
wiring, and the first and second planar spiral wirings can have
a dielectric layer there-between. The second planar spiral
wiring can include a metal wiring 600, a contact point 601, a
contact point 602, a contact pad 610 and a contact pad 620.

The contact points of the first planar spiral wiring can be
connected to the contact points of the second planar spiral
wiring by a conductive plug disposed through a thickness of
the dielectric layer between the first and second planar spiral
wirings. For example, the contact point 601 can be connected
to the contact point 501 via a conductive plug, the contact
point 602 can be connected to the contact point 502 via a
conductive plug, the contact pad 610 can be connected to the
contact pad 510 via a conductive plug, and the contact pad
620 can be connected to the contact pad 520 via a conductive
plug. The first and second planar spiral wirings can have, e.g.,
octagonal shapes.

In certain other embodiments, the planar spiral inductor
disposed over the ground shield structure may have different
shapes including, for example, triangular, square, circular or
octagonal. The planar wiring inductor and the conductive
wiring of the ground shield structure may have the same or
different shapes. The planar spiral inductor can have multi-
layer planar spiral wirings, and the planar spiral inductor can
have the same or different wiring shape as that of the ground
shield. In other embodiments, electronic devices, such as
transformer, balun, etc., can be formed over the ground shield
structure. Such electronic devices can generate a magnetic
field and form an eddy current in the substrate, thereby caus-
ing an eddy current loss.

Referring to FIG. 11, electronic devices 1160, such as
inductor, Transformer, balun, etc. can have projections on the
substrate 1130, and those projections can be disposed within
the projection of the ground shield structure 1140 on the
substrate 1130, thereby ensuring that the magnetic field gen-
crated by the electronic devices 1s perpendicularly to the
substrate and within the area of the ground shield in the
ground shield structure 1140.

In one embodiment, an inductor can be formed on a ground
shield, and the inductor can have a projection on the substrate,
and the projection can be disposed within the projection of the
ground shield. The inductor can generate a magnetic field
perpendicular to the substrate, and the magnetic field can be
disposed within the ground shield. The conductive wirings of
the ground shield can have openings so that a closed circuit
cannot be formed. Therefore, the magnetic field generated by
the inductor may not generate 1n the ground shield an induc-
tion current, which may otherwise generate a magnetic field
opposite to the direction of the magnetic field of the inductor.
This can prevent the loss of the magnetic energy of the induc-
tor 1n the ground shield. At the same time, since the conduc-
tive wiring of the ground shield disposed between the sub-
strate and the inductor can have a smaller resistance than the
substrate, the electric field lines of the inductor may be ter-
minated at the surface of the shield layer and may not pen-
ctrate into the substrate, thereby reducing the consumption of
clectric energy 1n the substrate. In addition, a metal wire can
connect the wirings on the top layer of the ground shield from
the 1nside to the outside, and the metal wire can connect the
inner and outer wirings to the ground. Therefore, all the
junctions (connecting to each wiring) on the metal wire can
have a fixed potential. However, since the metal wire can have
a resistance and an individual conductive wiring may have
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certain length and resistance, the potentials of the positions
away from the junction may be difierent. Therefore, coupling
capacitors may appear at high frequencies. For high fre-
quency signals, potential difference may be produced. Athigh
frequencies, the unconnected regions of the wirings within
the same layer may form equivalent series coupling capaci-
tors. The conductive wiring 1n the middle can serve as the
lower plate of a coupling capacitor formed with an adjacent
inner conductive wiring, at the same time this conductive
wiring can also serve as the upper plate of a coupling capaci-
tor formed with an adjacent outer conductive wiring. The
more the number of conductive wirings within one layer, the
more the equivalent series coupling capacitors can be, and the
smaller the actual capacitance can be. Reducing the capaci-
tance of the coupling capacitors can lower the energy con-
sumption, which in turn improves the QQ value of the inductor,
and reduce the substrate consumption of the electronic
devices of inductor, transformer, balun, etc.

Further, the conductive wirings disposed on the ground
shield can be nearly perpendicular to the direction of the
divergent electric field generated by the electric devices dis-
posed over the conductive wirings, thereby shielding off, to a
great extent, the influence of electric field on other regions of
the substrate, and reducing the substrate loss.

FIG. 10 depicts that an exemplary inductor having a dis-
closed ground shield with an improved Q value. Specifically,
plot 01 shows the Q value of the exemplary inductor having,
the ground shield formed 1n accordance with various dis-
closed embodiments. Plot 02 shows the (Q value of an inductor
without a ground shield. Plot 03 shows the Q value of an
inductor having a conventional ground shield as depicted 1n
FIG. 1. Plot 01 shows the maximum Q value of about 26.8 at
a frequency of about 10.4 GHz. Plot 02 shows the maximum
QQ value of about 22.3 at a frequency of about 8.3 GHz. Plot 03
shows the maximum Q value of about 22.3 at a frequency of
about 9.3 GHz. As shown i FIG. 10, the Q value of the

exemplary inductor having a ground shield formed 1n accor-
dance with various disclosed embodiments 1s noticeably bet-
ter, and the maximum Q value 1ncreased more than about
17%.

The embodiments disclosed herein are exemplary only.
Other applications, advantages, alternations, modifications,
or equivalents to the disclosed embodiments are obvious to
those skilled 1n the art and are intended to be encompassed
within the scope of the present disclosure.

What is claimed 1s:

1. A semiconductor device having a ground shield com-

prising:

a substrate;

a ground ring disposed over the substrate;

a ground shield disposed over the substrate and surrounded
by the ground ring, wherein the ground shield includes a
plurality of coaxial conductive wirings and a metal wire
passing through the plurality of coaxial conductive wir-
ings along a radial direction, and the metal 1s connected
to the ground ring,

wherein the ground shield includes a multi-layer stacked
structure including: an active layer including active wir-
ings disposed over the substrate, and a polysilicon layer
including polysilicon wirings disposed over the active
layer;

an electronic device disposed over the ground shield; and

an 1sulation layer disposed between the ground shield and
the electronic device.
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2. A semiconductor device having a around shield, com-
prising:

a substrate;

a ground ring disposed over the substrate;

a ground shield disposed over the substrate and surrounded
by the ground ring, wherein the ground shield includes a
plurality of coaxial conductive wirinig and a metal wire
passing through the plurality of coaxial conductive wir-
ings along a radial direction, and the metal wire 1s con-
nected to the ground ring,

wherein the ground shield includes a multi-layer stacked
structure including: a polysilicon layer including poly-
silicon wirings disposed over the substrate, and a metal
layer including metal wirings disposed over the polysili-
con layer;

an electronic device disposed over the ground shield; and

an insulation layer disposed between the ground shield and
the electronic device.

3. The device of claim 1, wherein the ground shield turther
includes a metal layer including metal wirings disposed over
the polysilicon layer.

4. The device of claim 1, wherein the plurality of coaxial
conductive wirings includes metal wirings and each of the
metal wirings includes a single-layer structure or a multi-
layer stacked structure.

5. A semiconductor device having a ground shield com-
prising;:

a substrate;

ground ring disposed over the substrate;

a ground shield disposed over the substrate and surrounded
by the ground ring, wherein the ground shield includes a
plurality of coaxial conductive wirings and a metal wire
passing through the plurality of coaxial conductive wir-
ings along a radial direction, and the metal wire 1s con-
nected to the ground ring,

wherein the ground shield includes a multi-layer stacked
structure and the metal wire passes through the plurality
of coaxial conductive wirings of an uppermost layer of
the multi-layer stacked structure and connects to the
ground ring;

an electronic device disposed over the ground shield; and

an insulation layer disposed between the ground shield and
the electronic device.

6. The device of claim 1, wherein each of the plurality of

coaxial conductive wirings includes one or two openings.

7. The device of claim 1, wherein the plurality of coaxial
conductive wirings includes active wirings made of a material
including silicon, germanium, gallium arsenide, silicon ger-
manium, or a combination thereof.

8. The device of claim 7, wherein a surface of the active
wirings includes a metal silicide layer.

9. The device of claim 1, wherein the plurality of coaxial
conductive wirings 1n each layer of the multi-layer stacked
structure of the ground shield includes about 2 to about 100
coaxial conductive wirings.

10. The device of claim 1, wherein the plurality of coaxial
conductive wirings has a shape selected from a triangular,
square, circular, or octagonal shape, and has a width of about
0.1 um to about 100 um.

11. The device of claim 1, wherein the electronic device

includes an inductor, a transtormer, or a balun.

12. The device of claim 1, wherein a projection of the
clectronic device on the substrate 1s within a projection of the
ground shield on the substrate.
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13. The device of claim 2, wherein the ground shield fur-
ther includes an active layer including active wirings disposed
between the substrate and the polysilicon layer including
polysilicon wirings.

14. The device of claim 2, wherein the plurality of coaxial
conductive wirings includes metal wirings and each of the

metal wirings includes a single-layer structure or a multi-
layer stacked structure.

15. The device of claim 2, wherein the plurality of coaxial
conductive wirings includes active wirings made of a material
including silicon, germanium, galltum arsenide, silicon ger-
manium, or a combination thereof, and a surface of the active
wirings includes a metal silicide layer.

16. The device of claim 2, wherein the plurality of coaxial
conductive wirings in each layer of the multi-layer stacked
structure of the ground shield includes about 2 to about 100
coaxial conductive wirings.
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17. The device of claim 2, wherein the plurality of coaxial
conductive wirings has a shape selected from a triangular,
square, circular, or octagonal shape, and has a width of about
0.1 um to about 100 um.

18. The device of claim 5, wherein the plurality of coaxial
conductive wirings includes metal wirings and each of the
metal wirings includes a single-layer structure or a multi-
layer stacked structure.

19. The device of claim 5, wherein the plurality of coaxial
conductive wirings includes active wirings made of a material
including silicon, germanium, gallium arsenide, silicon ger-
manium, or a combination thereot, and a surface of the active
wirings includes a metal silicide layer.

20. The device of claim 3, wherein the plurality of coaxial
conductive wirings has a shape selected from a triangular,
square, circular, or octagonal shape, and has a width of abut
0.1 um to about 100 um.
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